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ABSTRACT 

In an effort to provide nontraditional students with 
the sam© opportunity as traditional students to reach the highest 
level of skills and cossapeteneies associated i-^ith hi-tech^ high-nage 
employment, the Cowunity College ©f Rhode Island (CCRI) offers 
alternatives t© its historically successful full-tiee day prograsa in 
chemical technology c Certificate as well as associate in applied 
science (AAS) degree programs have been establishedo Of chose who 
complete the certificate course, 2Q% remain in the program and 
matriculate to upper-division general education courses and 
eventually receive enough credits to be awarded the associate degree 
in chemical technologyo The programs are laboratory intensive^ with a 
three~to~one ratio of laboratory time to lecture time, and may be 
taken as a full- or part"time day programs, or as a part~time night 
and weekend program*. Rather than focusing on the traditional 
sub-disciplines of chemistry^ the laboratory-driven approach to 
program delivery utilises a "continuum of chemical information" model 
which centers the development of operative (ioeo^ laboratory and 
technitque) and cognitive (ioeo^ conceptual chemistry) sliillso 
Students receive individual attention when they have difficulty 
grasping the conceptual aspects ©f the programo Customised courses 9 
and full degree programs havo also been designed through CCRI to ®eet 
the needs of individual coiisipanies and their Qaployees^ with classes 
held in either the workplace ©r in college facilitieSo Requirements 
for the AAS and the certificate in ChQimical Technologyj, a chart of 
the continuum of chemical information model 9 and lab e^speriment 
listings are attachedo (HAB) 
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Chemical Technology at CCRI? curricula approaches designed to reflect the demands 
of a diverse population entering Chetffiec programs q Ho Go Hajian ^ Department of 
Chemistry ^ Community College of RI^ 400 East Avenue^ Marv^ick.? RI 02886 o 



Over the past decade^ the population base that community colleges serve has become 
highly diverse « The days of freshmen entering directly from 
has baen augmented to a great degree by those nho are re 
education and training after being anay fmm formal education 
y^rso Soci©-==economic reasons on the part ©f this diverse 
strategies be developed t© meet their needso ht CCRI^ the 
efforts to deliver its ChemTec Program t© this diverse populat 
of pathuaySo These alternatives uill be discussed « 
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In an interim report of the task force on womm^ minorities and the handicapped in Science 
and Technology entitled ''Changing America: The Mew Face of Science and Engineering'' ^ a 
number of recommendations were highlighted that impact the Industrial workforce in the 
United States, The recommendations were drawn from Oie task force's summary of a number 
of critical issues that effect the quality of the american worlcforce. 

I will present here a few of these issues and recommendations and then extend some curricular 
models that we in the Community College of Rliode Island's Chemical Technology Program 
have devised to address these issues as they effect the education and training of future chemical 
technicians. 

Their are societal changes taking place in the United States, for example, there is a high influx 
of foreign nationals; women have been entering the work force at all levels, and early 
retirements are causing reentry into the work force. 

These Societal changes, plus many others , have profound effex:ts on industry and certainly our 
systems of education grades K Through Graduate SchooL 

The diversity of the population is especiallv evident in two year Colleges, Minorities, women 
and older group representation are on the in<ui'ease. 

Demographics 

At the community College of Rhode Island the number of students of hispanic origin grew by 
40% between 1989 and 1991 according to the College's Department of Research and 
Institutional Planning. Other major changes to &e school's student population are: 

A 32% increase in the number of women (1988^-1991). Presently 63% of the student body 
are women* 

The number of students under 20 years old in the same period of time increased from 2,800 to 
2,879 (Essentially no change)(22 J%) 

But the number of students between the ages of 25-44 years increased from 5,410 to 8,200 
(Approsdmately 51% incrme)(S Had a student that graduated last year at the age of 76., He 
had a previous BA in science and is now doing research at a sister institution) 

Minority numbers increased from 842 to 1732 in the same period of time. 

Now lets consider recommendations drawn from the report that were chosen as they impact 
our mission in technical educational. 

Certainly, we as educators in the United Steites have to deliver quality education, including a 



good grounding in mathematics^ Science ^nd Technology so all have THE CHANCE To 
develop to their Ml potential* We should also be augmenting these basics with skills that are 
essential to fulfillment in life and productivity at work. 

Industry should continue to sound the alarm about how wealc educational preparation 
contributes to the declining economic competitiveness of the United States , and they should 
support the goal to raise the quality of mathematics , science and technological system 
instruction and student achievement for all. 

Industry should also provide incentives such as summer work and research opportunities to 
students from under-represented groups so they can obtain hands-on experiences and see 
practical applications of the technical theories taught at academic institutions. This can be 
achieved by bridging efforts between industry and academia. We have a number of these- 

At the community college of IRhode Island, our philosophy is that everyone that enrolls in the 
chemical technology pmgmn must have the opportunity to reach the highest level of skills and 
competencies possible for that individual found to be associated with Hi-Tech, High-wage 
jobs. 

To be able to deliver what we promise has meant revisions to our historic-ally successful full 
time day program. 

(view Graph 1) 

What you see here is the fifth major change to the chemical technology curriculum, (Instituted 
in 1966) 

The total number of credits required for the associates degree is 64, including: 

(General Education Credits Distribution) 

8 CreditSj in Biology ( including 4 in zoo, and in micro) 

8 credits, in Physics 

3 credits, in English Composition (or fundamental of writing, which includes individualized 
instruction because of special i^eedSo) 

6 credits, Electives 

6 credits, Mathematics (mimmum Tech. Algebra I & H) 
3 credits. Introduction to computers. 

The General Education requirements add up to 38 Credits. 



(Major Requirements) 

The remaining 30 credits are attributed to lecture /laboratory studies in chemistry designed to 
relate to the chemical technicians role in industry^ government and academic laboratory 
settingSo 

6 credits^ Chemical Technology I 
6 credits. Chemical Technology 11 
10 credits, Chemical Technology IH 
8 credits, Chemical Technology IV 

Notice that the number of laboratory hours are in a ratio of approMmately 3 to 1 with theory 
sections (in the freshman year the ratio is 4 to L This is a major change from the traditional 
mix of 1 to 1). This unusually high number of hours designated for laboratory exposure 
emphasi^s that we are committed to the initiative that chemical technology programs are 
iaooraiOrv oaseOo iDUt m, yioes pose scheduling problems for manv of the Students. Even when 
spread over a two year periods we have found that many potential students cannot cope with 
the full-time day commitment that such a curriculum design demands. Their is no question that 
the non-traditional population that enters the program needs alternative routes to the high 
technology, High wage goalo 

Education specialists have found that since the 1970's curriculum reforms broadened and 
allowed students to teke non-academic courses and prepared them to enter the work- place. 
Others questioned using academic courses as a barometer of success in educationo Statements 
such as these and one by Jacqueline Ancess of Columbia University's National Center for 
Restructuring education, schools and teachings " You may force more academic standards but 
it does not mean that anyone is going to l^im any more," indicates building tedbility in 
curricular design to allow a more practical focus on laboratory competencies* 

In accordance to these educational positions^ many program offerings at CCRI extended 
Certificate Programs that minimised academic General Education requirementSc 

View Graph 2 

Here are examples of a number of these offerings. 

Notice that the chemical technology offerings include both certificate and associate degree 
alternatives. Again, this is to insure reaching a diverse population» The students that opt for 
the certificate option we found have full or part time jobs to support families, in many 
instances these are single parent families^ 
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View Graph 3 

This is the certificate curriculum. Notice, the chemistry offerings are essentially the same as 
those for in full time day associates program. Their is a marked difference in the general 
education requirementSo Only the essential readings writing and mathematics sMUs are 
required. It is to be Eoted that many students that remain in the certificate course matriculate 
to upper division general ©ducations courses, and eventually receive enough credits to be 
awarded the associate's in chemistry technology o (2§% do this) 

The idea here is to offer a sequence of courses that will allow the short term student to 
complete the chemistry and not have to immediately deal with all 30 General Education 
Courses)» These students come to us with a very basic request; "What do I have to do, and 
how long will it talce me to enter the chemistry work force?" This, the certificate curriculum 
for us and the student has been one of the answers. The placement record for these graduates 
and their productivity in the industry is excellento 

Further explanation of the method used to deliver the certificate program is necessary, 

(much of the approach is also used in the associates program) 
This approach allows for the fle^bility mentioned earlier. 

View Graph ^#4 

What is delivered here is entitled ""A continuum of chemical information," (A departure from 
the traditional sub-disciplines of chemistry > 

The approach is broken down to two major sMils: 

The operative sMUs (i^feoratory & technique sldlls) 

Cognitive skills (conceptual chemistry) 

These skills are delivered in courses called chemical technology I, II, HI, and IVo (remember 
View Graph 1) The te^^tual materials used allows to to emphasize the laboratory component of 
the studies. From this approach with the laboratory eiiperience built into the te^ct^ the 
flexibility of the text works smoothtyo 

View Graph (5,6,7 Here -Quick explanation) 
(Back to View Graph 4) 

This continuum approach becomes personaliseda The major setting is the laboratory. For 
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example^ A stodeM msisters a labomtory sME 

(or sett of sidlis) %udh as use md care of maiytical instameEteitioii md glassware, ran an 
analytical prosedurej collect 

data, well tabBlated^ and may stumble when it is time to manipulate calculations or understand 
conceptSo At this point, individual attention is given to the student when necessary. Much 
cognitive information such as explaining of Beer's law md its applications and proper problem 
set-up and calculation methods are ejcplainedo Thus cognitive skills are developed- When 
articular calcuiMon scheme ne©d to be explained a number of times, the student is introduced 
to a P. Co md proper interesting software to expedite matterSo A very flexible and 
non-threatening approacho This experience many times leads the certificate student on to higher 
level mathematics courses, (they see their deficiencies a 
self motivated approach). 



The focus of this approach is that it is a laboratory driven 

Full time day program (with all the bells whistles) 

Broken down to an AAS approach or certificate 

Part time day program (AAS or certificate) 

Part time nights and weekends. (AAS or certificate) 

These indicate 6 schedule approaches - and by the way if day students malce a change in their 
work schedule (or something in their private life) that forces them out of their day 
commitments, - they may at any time move into the evening and week-end mode. As you can 
imagine not only do these alternatives allow more people to enter the chemical technology 
program our retention rate after the first semester is 90% o 

There is another initiative in our delivery system that is logistically complex but extremely 
effective because it reaches a 

large non-traditional popuMono They are the worMng technicians that want the experiences of 
our offering but are not able to talce personal time away from the work place. This curriculum 
design is sometime referred to "in-house tsmining progmmSo" At CCRI^we refer to them as 
""off campus jprograms Md/©r offerings." To pursue this initiative, the college has established 
a center for business and induitey training/offering a variety of progmms on a contract basis 
for business, industry md government igencies in the state (and in some cases, region). 
Customs^ courses or fol degree programs can be designed through she center to meet the 
needs of individual companies^and their employees^ Classes can be held at the worlcplace or in 
college facilities throughout th© ifit© (region). 

The chemical technology progsam has been very active in the industrial arena. The logistics of 
a chemistry (labomtory) based program are not difficult to solve ^vith close coopesation 
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betwesH iie iiadestory beiag ssrvM and academSo Mer© is a elhance to form a tone partnership 



Critical to the various (7) approaches that w® at CCRI wse to deEver our program to this 
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ChainniSCal Te©[hlini©l©gy The chemical industry is one of th^ fastest growing industries in the United Sutcs, Its need fcT 

trained icchaicians in quality control, analysis, and research and development laboratories iO 
extensive. The two-year Chemical Technology Program prepares the student to enter Ihe chemic£j 
field in any one of a variety of capacities; chemical research technician, laboratory assistant 
chemical production technician, junior chemist or anai>'tical technician. The program is stniclurcCj 
to develop a fundamental understanding of general, organic and analytical chemistry, with emphasiO 
on laboratory applications and techniques, Consisteni with the program *s philosophy of unifyin|J 
practice and theory » lecture and laboratory hours are not specified independently. 

Students who successfully complete this program will receive an Associate in Applied ScicncO 
(A.A.S.) degree. 



Genera} Educa^on Requirements 



Course No, 


Course Title 


Credits 


Class 
Hours 


Ub 
Hours 


Prerequisites 


Recommended Semester 
for FuU-Time Students 
or sequence for 
Part-Time Students 


MATH 1700 


Algebra for Technology 


3 


4 


0 


MATH 0600 or the 
equivalent 


1 


BIOL 1040 


General Biology — Zoology 


4 


3 


2 




^ I 




Liberal Arts or Social Sciences elective 


3 


3 


0 




I 


MATH 1710 


Trigonometry for Technology 


3 


4 


0 


MATH 1700 or the 
equivalent 


2 


PHYS1120 


Modem Technical Physics I 


4 


3 


2 




2 


ENGL 1010 


Composition 1* 


3 


3 


0 


Placement test 


2 


PHYS 1220 


Modem Technical Physics II 


4 


3 


2 




3 


CO Mil 100 


Introduction to Computers 




3 


3 




3 


BIOL 2480 


General Microbiology 


4 


t 


4 


One year of chemistry 
and one semester of 
biology 


4 




Liberal arts elective or an^ fi^G-C^aGt^^^^maih 
course 










4 


il'Jajor Requirements 












CHMT1120 


Chemical Technology I 


6 




'8 




I 


CHMT 1220 


Chemical Technology II 


6 




8 


CHMT 1120 or its 
equivalent 


2 


CHfWT 2320 


Chemical Technology III 


10 


4 


12 


CHMT 1220 Of its 
equivalent 


3 


CHMT 2420 


Chemical Technology IV 


8 


4 


8 


CHMT 2320 or its 
equivalent 


4 



64 43 49 



Mote to FylJ-TlFft© Sftydef^Xs: It is recommended that full-time students lake a minimum of 15 credits each semester, 
* If Placement lest indicates, ENGL 1050 will also be required and may be used as a liberal arts elccUve. 





The programs listed in this section give giagQSGfcdl pt^<3GviG which cfhc^bs^^^UJ (^Ht^aw (S^c^onQuG €W!jnrt<afeilki. S'&i'^bfiife sta^^iSd CRtar^Ci 
programs after careful counseling, both from the secondary oek©€)5 ciis^'??^ i!^cCsJf!ag<3?0€a'i25i5<2Jin3c<3«^ke. l^oC^JC^ (^acc^ 
locanccUprogramorcourscoffcring, Althoughsome prograrns carinot be completed inthelrentir6tydurJagtheevemng,(faE^^^ 
required courses la a vadety of dJsdpiines are available during evening hours, ' 



ALLIED HEALTH PROGRAMS 
'^Cardio-Respiratory Care 


CODE 

RESP 


DEGREE 
A AS 


CERTIFICATE 


CAMPUS 


DAY 
X 


EVENI^* 


Medical Laboratory Technology 


MLTC 


A. AS. 








X 




■^Radiography (X-Ray) 


^RAY 


A.A.S. 








%' 

A. 




oPhlebotomy Certificate 


FHLf; 






.\ 


PV Fl, 


X 


X 


Physical Therapist Assistant 


PHTA 


A S 







NE 


X 




June is start dale for this program. 
«Day program only bt^ins each January and September. 
Campus location for day and evening programs may vary by semester 














BUSINESS ADMIWISTRAT^OW PROGRASyiS 
Accounting 


Aca 


AS 








X 


X 


General Business 


OBUS 


A S 






PV KN I-l. 


X 


X 


Law Enforcement 


LAWS 


AS 






KNFL 


X 


X 


Manajgemenl 


MNGT 


AS 






PV KN H., 


X 


X 


Fashion Merchandising-Reiail Management 


f-ASII 


AS 






KN Fl. 


X 


X 


Mass Meichandising-Retail Management 


MASS 


AS. 






KN 10. 


X 


X 


Real Esaate 


RUST 


A A S -TS 






KM a. 


X 


X 


Management Certificate 


MGIC 






X 




X 


X 


CHEMISTRY PROGRAM 
















Chemical Technology 


CH^f^ 


A.A.S. 




V 
A 


KN 


X 


X 


oosiflPOTER sryoFS a snformatiow processiwg programs 












Computer Science 


CPRG 


A.S. 






IrvN 


V 
A 


V 
A 


Computeir Programming Certificate 


CPKC 






X 




V 
A 


V 

A 


Office AiJlomalion Certificate (Word Processing) 


OM'A 






X 


KNFL 


X 


X 


DEMTAL HEALTH PROGRAi:^S 
















Dental Assisting Certificate 


Dr:Nri- 






X 




X 




Denial Hygiene 


DilYG 


A.A.S. 








X 




















. Compister Engineenng Technology 


CETC 


A.S. 






KN 


X 


■ X 


Engineering 


ENGN 


AS. 






KN 


X 


X 


Becttonic Engtneedng Technology 


Eiiix: 


AS. 






KN 


X 


X 


Mechanical Engineering Technology 


METC 


AS. 






KN 


X 


X 


m£ ACTS IPROa^AMS 
















Art 


ARTS 


A.F.A 






KN P'L 


X 


X 


Drama 


DRAM 


A.F.A. 






KNIT. 


X 




Misssc ■ 


^^DSC 


A.F.A. 






KN 


X 




Jazz Sliidies 


JAZZ 


A.F.A. 






KN 


X 






GENS 


A.A. 






PV KNFL 


X 


X 




LIBA 


A.A. 






PV KNFi. 


X 


X 


Uibor Studies 


LA BR 


A.A. 






KN FX 


X 




Urban Affairs 


LTRBA 


A.A. 






KNFL 


X 


X 
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CERTIFICATE 















Recommended Semester 














'^rFdl-Time Students 


Course No. 


Course TiUe 


Credits 


CIas.s 
Hours 


Ub 
Hours 






Major Requirements 


CHMT1120 


Chemical Technology I 


6 


2 


S 




1 


CHMT 1220 


Chemical Technology II 


6 


2 


8 


CHMT 11^ or Us 
cquivalcnl 


2 


CHNfT 2320 


Chemical Technology HI 


10 


4 


12 


CHMT 1220 orii*; 
equivalent 




CHMT 2420 


Chemical Technology IV 


8 


4 


8 


CHMT 2320 or it^ 




ENGL 1010 


Composition I* 


3 


3 


0 


Placement lesi 


2 






Credits In-Hotxse s 








3 



WoUq fuU'TmQ Students: It is rccomrnended that full-lime students take a minimum of 1 5 credits each semester. 
^ if Placement lest indicates, ENGL 1050 will also be required and may be used as a liberal arts elective. 
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Pure substances and mixtures, 1 a Importance of composition, 3 a What 
chemists mean by "analysis," 3 a Another definition of purity, 3 

EXPERIMENT Analysis by paper chromatography, 4 

The metric system simplifies work, 7 □ Scientific notation, 1 1 o 
Applications and exercises, 12 




The gas chromatograph, 15 □ Separation in a GC column, 16 □ The key 
to GC, 17 a A typical gas chromatograph, 19 a Graphs, 19 □ 
Interpretation of a gas chromatogram, 24 □ Injection and air peak, 25 o 
Separation of air and isopropyl alcohol, 25 o A note about units, 26 a 
Comparison of two isopropyl alcohol chromatograms, 26 a Retention 
time, 27 □ Peak heights, 27 □ Separation of a mixture of acetone and 
isopropyl alcohol by GC, 28 □ Notebooks, 29 □ Need for a notebook, 29 
a Rules for your notebook, 30 

EXPERIMENT 24: Gas chromatography— qualitative analysis, 35 
Applications and exercises, 38 
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ELEMEMTS, COMPOUNDS, MIXTURES, AMD BOLUTIOIMS, 125 

The atom, 125 □ Elements, 126 a Symbols of elements, 126 □ Atoinic 
weights, 127 a The Periodic Table*, 128 a Metallic elements, 129 a 
Nonnmtallic elements, 130 a Formation oj molecules, 131 □ Metalloids, 
132 a Molecular formulas, 132 a Molecular weights, 133 a Elements 
as pure substanceti, 133 a* Compounds, 134 a Compounds as pure 
substances, 134 a Compourids and definite composition, 134 □ Definite 
composition and reactions, 136 a Chemical reactions, 136 □ 
Decomposition reactions, 137 □ Weighing by difference, 138 

EXPERIMENT 6-1: Decomposition of a compound, 139 

AiTangemenl of atoms in compounds, 143 a Molecular compounds, 143 
a Nonmokcular compounds, 144 □ Formulas of com^younds, 145 a 
Formula and molecular weights, 145 o Percentage compositions of 
compounds, 146 □ More about relative weights, 147 a The mole (X)ncept, 
147 a Using the mole concept in problems, 148 
EXPERIMENT 6-2: The formula of a metal chloride, 149 
Pure liquids, mixtures and solutions, 152 a Solution terminology, 153 
EXPERIMENT 6-3: Effect of temperature on solubility, 154 
Concentration of solutions, 160 a Molarity problems, 160 a Molarity of 
a solution, 161 □ Applications and exercises, 163 



CHEMICAL INFORMATION FROM LIGHT, 168 

Dispersion of white light, 168 a What is color? 169 a Light and energy, 
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